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ABSTRACT * , ' 

Defining schemas as higher order cognitive structures 
that serve a crucial role in providing an account of how old 
knowledge iilteracts with new in perception, language, thought; and 
menory, this paper offers an analytic account o£^he nature and 
functions of ichemas in psychological theory and organizes some of 
the experimental evidence dealing with the operation 6f schemas in 
memory. The paper is organized into six sections, the £irst ^of which 
provides a detailed examination of the schema concept' as formulated 
by F. ic. Bartlett in 1932. The second section relates Bartlett's 
theory to the lariger issue of the conflict in psychological theory 
between ideas from British Empiricism and ideas from Continental 
philosophy. The third section briefly outlines some of the ba^ic 
theoretical as^sumptions ot information processing psychology to serve 
as a background for an analysis of schema theory, and the fourth 
examines modern schema theory, and contrasts it with Bartlett's 
theory and with the information processing approach. The fifth 
section idiscusses the nature of schemes, specifically mentioni^ig 
ontological assiimptipns, modularity, ecological validity, and 
phenomenal exfterience. While the final section develops a framework . 
for analyzing the tunctions of schemas in .the memory process, and 
then examines a number of recent experiments in ter^s of this 
framework. A 16-page bibliography is included. (FL) 
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The Nature and Functions of Schemas 

Scheiaa theory is one of the most Intellectually exciting 
areas of current cognitive psychology. There has been a very 
rapid growth of ideas and data on this topic so that it is 
difficult to understand what has been accbiiq>llshed. In this 
paper we attempt to give an analytic account of the nature and 
functions of schemas In psychological theory and to organize some 

* *» w 

4 

of the experimental evidence dealing with the operation of 

schemas In human memory. We will restrict ourselves to \^ 

laboratory studies and theories from cognitive psychology and 

artificial intelligence and will not cover the schema literature 

f rob social pdychology* 

hfuch of this paper is devoted to attempting to understand 

« 

what schemas are. In brief, they are higher-order cognitive 

4 ■ , 

Structures that have been hypothesized to underlie many aspects 
of Intman knowledge and skill. They serve* a crucial irole in 
providing an account of how old .knowledge Interacts with new 
knowledge in perception, lang^ge, thought, and memory. 

This paper is organized into six sections. The first 
section is devoted to a detailed examination of th^ schema 
concept as formulated by Bartlett. The second section relates 
Bartlett^s theory to the larger Issue of the conflict in 

K 

psychological theory between ideas from British Esiplrlclsm 



ideas from Continental philosophy. The third section briefly 
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outlines some of the basic theoretical assumptions of ijiformation 
processing psychology in order to serve as a background for our 
analysis of schema theory. In the fourth section we examine 
modern schema theory (e.g., Minsky, 1975; Rumelhart & Ortony, 
1977; Rumelhart, 1980, reprinted in this volume) and contrast 
these theories with Bartlett's theory and with the information 
processing approach. In the fifth section we sketch out our own 
position. In the final section we develop a framework for 
analyzing the functions of schemas in the human memory process 
and then examine a number of recent experiments in' terms of this 
framework. 

. . . ♦ , ..-A 

Bartlett's Schema Theory 

The schema theory Bartlett developed in his book Remembering 
(1932), has been the inspiration for most modem schema theories. 
Bartlett's work is a particularly powerful presentation of schema 
theory and on some issues his theory is worked out in more depth 
than current schema theories, so his work merits careful 
consideration. In this section we will analyze Bartlett's basic 
.assumptions and lay out the conceptual core of his theory. 
Bartlett's Definition of Schemas 

Bartlett (1932) defined a schema as "an active organization 
of past reactions, or of past experiences, which must always be 
supposed to be operating in any well-adapted organic response" 
(p. 201). Bartlett's book consists of an elaboration of his 
schema theory and an application of it to data he had gathered 
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much earlier on memory for figures r pictures, and stories (e.g., 
Bartlett. 1916,, 1920, 1921). 

First we viould like to know what kind of construct schemas 
were for Bartlett. In the te.q£ of modem philosophy of science 
(cf. Suppe, 1977), was Bartlett an lnstrument;allst (schemas are 
just constructs used to organize the data) or was he a realist 
(schemas exist and the schetna 'theory attempts to describes them)? . 
It Is clear from Bartlett 'is text that he was a realist with 
respect to his schema theory. Given that he Is a realist what 
kind of entitles does 'lie think sdhemas are? It a^ears he 
assumes that they, are unconscious mental processes # In a 
discussion of the neurologist Head's schema theory Bartlett 
stated that ^'schemata are active^ kLth(^t any awareness at all** 
(1932 ^ (>« 200) and even more clearly in his autobiography he ^ 
* stated that schemas have ^he same status as images and ideas but 
t^rnt they are not available to Introspection (1936, p. 47). 

The hypothesis that schemas are complex unconscious 
knowledge structures Is one of Bartlett *s major contrllHitlons. 
In his book Bartlett generously gave Head credit for developing 

the schema hypothesis. However, on this Issue, as on many* 

« 

others, Bartlett's theory Is very different. Head gave only a 
sketchy account of his approach, , but It seems likely ''that he 
considered schemas to be physiological entitles. Thus, he 
stated, "schemata He. for ever outside consciousness; they are 
physiological processes with no direct psychical equivalent** 
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(Head, 1918,. p. 158). Many psychologists and philosophers have 
found the cdricept of an unconacious mental process hard to 
accept. When the Wurzberg psychologists postulated such. entities 
they were attacked by the introspective psychologists of the 
time, who belived that the data of psychology were restricted to 
conscious phenomena (see Humphrey^ 1951). They were alao 

4 

attacked by behaviorists^ who thought that the data of psychology 
were restricted to observations of overt behavior (Watson, 1913). 
However, in recent years a number of philosophers have made 
powerful arguments for the acceptance of unconscious mental 
processes as proper objects of scientific study jLe.g. , Fodor, 
196d; Putnam, 1973) and these processes form th^ core of modem 
information processing ^ychology. 
Properties of Schemas 

Having established that Bartlett took schemas to be 
'unconscious mental structures, we now examine their 
characteristics. In Bartlett *8 (1932) abstract definition of 
schemas he consistently described them ^ **organized,** but gave 
little further specification. He did ^tate that the term 

pattern would not* be quite ^accurate, siqce it implies more 
detail than he intended. However, in the ^^lalysls of the \criou8 
memory experiments reported i.n his book he gave a number of 
examples that help clarify his use of the term "organized." He 
probably Intended the term t^o cover the organization Involved in 
such things as: symmetrical visual figures (p. 24); rules (p. 
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520 J the plan of a ptjose passage (p. 83— he gives the structure 
of a "cinnulative story- as an. example, cf. RumelhaVt, 1975); and 
literary conventions (p. 140— he gives ending with a moral as an 
example, cf. Brewer, in press), ti this' is a correct reading of 
Bartlett, then it is clear that the term "organized" covers a 
very wide range of cognitive structures. 

Another fundamental aspect of schemas in Bartlett 's thopry 
is that they are composed of old jknowledge. Thus, he stated that 
thef are "masses of organized past experiences" (1932, pp. 197-' 
198). However, tuere are a wide variety of ways in which old 
knowledge could be irepresented and Bartiett had a specific 
hypothesis about the form of representation in schemiis.- In 
particular, Bartlett wanted to develop an altemativ^ to the 
standard ^British Empiricist view that old knowledge Vas 
represented in the form of a collection of specific inental ^jygoagee 
(e«g«, Hobbs, Berkley, James Hlll)« Head and Holmeji (i9ir, p/ 

106) had Initially developed schema theory in neuroljogy ^ an 

i 

alternative to the image view as applied to body posfture and 
movement. This was one Important component of Head's theory that 



Bartlett wanted to retain. However, he wanted to a^ply it to a^ 
the higher mental processes and he attacked Head fojr implicitly 

/ 
I 

accepting the image position for other psychologicifl processes^ 
(1932, p. 200)* / 
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Operation of Schemas ' ^ 

In adopting the position that touSnd of old knowledge was 

represented in the form of unconscious mental structures Bartlett' 

^had already made a JaaJ or break with the image view. However, t)» 

also wanted to emphasize that knowledge was represented in larger 

units. Thus, he stated ^t schemas "operate, not simply as 

individual sm&bers coming one after another, but as a unitary 

'mass- (1^2, p. 201). .Not only did he believe that schemas 

» 

operated as larger 'onits ofricnowledge, \hxt he argued tha^ schemas 
developed into qualitatively different cognitive structures. He 
stated that, "the past operates as an organized mass rather than 
as a group of eletiients each of which retains its specific . 
cllaracter** (1932, p. 197). 

By examining Bartlett*s account* of his^mem6ry data^it is 




possible to infer what type of qualitative dj«tlge Bartlett had In 
mind. He believed that Ichemas were generic mental structures. 
He assumed that in t^ie course of exposure to many particular 
in^l^ances of phenomena the mind abstracted a generic cognitive 

rcl^ssentation (i.e., a schema). Bartlett often discussed this 

/ ■ 

issue by comparing conventional modes of representing cultural 

/• 

artifacts in societies with conventional modes of representation 
within individuals, in one analysis of this issae he referred to 
the stereotyped modes of representation or of reaction*" of 
individuals and suggested that tAteae "conventionalizations are 
produced by a combination of innumerable small changes" (1932, p. 
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95). Overall, a close reading t)f Bartlett suggests that he 

*hypothe8lzed scheraaa to be unconscious ment'al structures • 

. . ■ » * 

organized into. generic cognitive representations. , / 

V 

In addition to these structural character4.8tics of schemas, 
Bartlett developed a number of proposals' about schena processing. 
Hid fundamental processing assumption was that all new 

\. ■ • ■ ; . 

information interacts with the old information' represented in the 

, • ' ' ->* . ' 

schema. This i^ne of the assumptions that Bartlett *8 theory ' 

and Head's theory had in coamibn^ in discussing postural change 

Head and Holbes had stat^U "Every recognizable change enters into 

consciouaoess already charged with it« relation to something that 

has gone before- (Head, 1920, p. 605'), and Bartlet|: quoted tihis 

section of their paper with ap^o^. ^owever, th^s is an aspect 

o4j,Bartlet6's approach to schemas tliat^was present in, his Earlier 

' » * * 

work.^ In his first published experiment Bartlett Explained 
errors made by his subjects in. recalled visual flgureli by the 
interac'MLon of new and old Information. He stated that many of 
the errops were d^e to "the tendency to Interpret {Resented 
mater^^ in-accordance^with the general character of earlier 
experience" (1916, p. 231). 

• ■ ■« ' / t 

in his later discussions of the interaction of old schema' 

based information with new input, Btrrtlett focused on the actlvl^ 

nature of thi^ ptocess/^Ue felt that earlier writers who had 

considered the role. of old Icnowledge had treated the old^ 

information as a passive framework, somewhat Mke a partially 
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coiBpleted jigsaw puzzle capable* of accepting the appropriate 
piece. Bartlett felt that the data In his nemory studies, were 

' ao.t consistent with a jmssive dchetaa pzoeess* Whctn he presented 
subjects %rlth material to recall they «kade a large mu&ber of 

* errors. Many of the errors wereMaore regular , luorc m^anlngj^ul,. 

.and more conventionalized than the original stlmuU. Bartlett 
took these results to Indicate that the subjects were actively 
attempting to^re*late the new material to old^ schema Information-^ 
a process he called "effort after meaning." He state^ that to 
accept the jussive view "as If wnat Is accepted and given a plae^ 



in mental life io always simply a question of what fits Int^ 
already formed apperception systems is to miss the obvious point 
Chat tiU process of fitting is an active process" (1932, p. 83)/ 
partlett typically gathered introspective reports during the 
•'recall ^roce^s and on the basis of these protocols he concluded 
^'that the active processes w&re aouietimes conscious strategies on 
the part of the subjedt (1932, 'p. b7-89), but mor^ frequently he 
found, them to' be active tinconscious processes (1932/ p. ,20). 

\ 

^ Bartlett also thought that schena processes were generative', 

vherjd generative s&eans a process that can deal with an 

indefinitely large number of new instai\ices# He was particularJLy 

cl0ar^*on this charactctristic of schema processing Vhen discussing 

motor production schemas* Bartlett pointed out that a skilled 

tennis player is more likely to hit^a tennis ball than an 

- 

unskilled player, even when th^ ball applsars In a new location 
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neve/ before experienced by the skilled player. » Thus, he^jirgued 

♦ 

that the old information accumulated ^ the skilled player is not 
in the form of a. set of fijctfd motor faovdments, but in. the form of 
a generative- motor schema (1932, p. 202). - ' T 

Bartlett*8 Memory Theories 

The final aspect of. Bartlett's schema theory that we will 
discus^ in detail is hii theory of the recall process. Bartlet^t 
actually had two different theories of recall. When he was 

^ • \ 

calking abstractly and focusing on 'the mist^es of 'the, storehouse 
or> trace mode s he adopted a pure reconstructive model. However, 

t. 

When he was explaiping his actual data he adopted a partial 
recboatFuctive nv^del* 

*' Pm^g reconstructive recall . The pure reconstructive model 

\ * . 

assumes that when' an individual is exposed to some new 
.infcnnatlon that new information serves to modify the appropriate 
schema, but that no specific episodic representation of the new 
information is retained in memory. Thus; for example, .if someone 
goes into. an office that they have never been in before, the 
information about that office will be integrated with the 
individual's established office schema and will modify that 
schema to some extent. ^Bajrtlett stated mat the recall for a 
specific event, such as the visit to the office, is carried out 
%y having "the 'organisu . ^. * . turn . . . round upon its own 
•6chemat</"-(1932, p. 202). Many writers have felt that this 

* 

aspeit of Bartlett's theory was incomprehensible, it does not 
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seem so to us* If one reads this section of his mem<>^y theory in 
the context^ of his earlier published work and recognizes his 
concern with^ th^ issue of personal memory « then the problem 
Bartlett is dealing with becot&es clear. He was concerned with 

t 

% 

providing an account of how an Individual produces a specific 

memory representation from a -generi^ s£h^ma representation. In 

the section of his l>opk whe^e he devel<^ped the pure 

reconstructive theory, Bartlett stated tKat an individual 

attempting Co remember a snecif ic event cannot base- the 'Pecfill on 

specific traces since "the individual details that have built 

thesiuup have disappeared, but sodiehow /must/ construct or ' • . . 

infer from what is present the probable constituents <md their . 

order which we»t to build them up" (1932, p. 202), The pure 

schema reconstructive theory of recall succeeds admirably in 

dispensing with specific traces and ^ives a natural accp'unt of 

ecliemar based inferential errors* In recall* However « it has a 

fatal £lAW«**^it allows no recall of (flHLque episodic information 

from the original ef lode. Thus^ in the case of the earlier 

example of recall of an office , the pure reconstructive theory 

accounts nicely for tbe recall of generic schema information 

(e.g., typewriter, chairs) and provides an explanation of schema- 

basecj errors in recall (e.g., recalling books or filing cabinets 

when none were present^see Brewer & Treyens, 1981). ) However, 

the theory cannot account for the recall of specific nongenerlc 
« 

information about the room (e.g., that the typewriter was an 
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Underwood standard or that one of the chairs was made o^ 

♦ 

plastic). Obviously, the pure schema reconstructive theory is in 

4 

error. This is- the natural consequence of combining a schema 
theory with a memory theory that allows no specifid "trace" 
Information whatsoever. , . t 

The problem of ^ how specific memories are derived' from 
generic schemes wad discussed briefly by Bartlett. He stated 
that somehow we have to 5lnd a way of individualizing soole of ' 
the characteristics of the total functioning m«9$c of the moment" * 
(1932, p. ZOH), Hid solution was to suggest' that "images are a 
device for picking bits out of schemas" (1932, p. 219). Most 
writers discussing Blairtlett's theoVy have found these comments to 
be unintelligible. However, ^ again we do not think that this 4.9 
the cfise. Bartlett apparently assumed that specific memories are 
what Brewer and Fan! (1983) call personal memories. A personal 
memory is 'a recollection of information from an individual's past 

* < ♦ 

that is experienced In terms 'of visual imagery and Is typically 
accompanied by a belief that* it reoresenti a memory of a 
particular tinie and. location (cf« Brewer & Pani» 1983, for ^ 
additional discussion). If this analysis of Bartlett is correct » 
then hilB dj.scussion of the issue makes much more sense* He was 
attempting to reconcile a memory theory based on unconscious 
schemas with the' phenomenally^ experiencad images of specific 

** 

personal memories.* ' 
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In a trace theory of memory^ the memory theorist attempts to 

account for t^e recall of specific memories by some tjrpe of 

encoding and retrieval mechanism. Within the framework of the 

pure reconstructive ^heory Bartlett faces serious difficuities in 

* 

providing a mechanism that produces specific memories from 

«• " 

generic scheittas. He stated, that "specific recall is, in fact, an 
achievemeijtt of consciousness- (1935, p. 225). Although he gave 
no more details, he appaieiitly felt that one of the wajor 
functions of cdnsclousnears was to allow an individual to generate 
specific phenomenologic^lly' experienced representations f rolal » 
unco scious generic sc^hemas. He also suggested that the 
, instantiation process was guided by the individual's "attitudes" 
(feeling find affect), but gave no clear account of how this 
process ndght achieve the desired result (cf., 1932, |»p» 2a6r 
207). This is one of tha only ^rts of Bartlett's memory theory 
that has no|: been followed up by later memory theorists (however, 
' see Spiro, 198U). 

Partial reconstructive recall . The pure reconstructive 
schema theory of memory that has been outlined above is 
Bartlett • 8 /^official** theory of memory— the one he presents 
overtly wh^n he is describing the nilmory process in abstract 
theoretical terms, yiowever, a close reading of Bartlett's 
accounts of his actual experiments revealcr a partially 

reconstructive schema efti^ory. ^This theorv assumes that recall is 

■■ • , . 

a Joint function of a schema component and a specific episodic 
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components ThQ motivation for the partially reconstructive 

theory apparently derives from certain aspects of his memory 

''data. In a number of places Bartlett not^d that there was recall 

'* ♦ — — — — 

of specific non8chema**related material. Thus^ in an experiment 

on tumory for visual symbols he stated, "The persiatence of^ 

certain k^nUs of novel detail is an undoubted. fact" (1932/ p. 

107). In his experiment on repeated reproduction of stories he 

noted that "as a rule one or two striking details seemed, to recur 

♦ 

with as little change as the form itself" (1932, p. 83). In an 
experiment on the serial .reproduction of pictures, he pointed out 
that some nonschema details were frequently retained and stated . 
that "This constitutes yet another case of that curious 
preservation of the trivial,, the odd, the disconnected, the 
unimportant detail- (1932, p. 1«4). While Bartlett mever ovftrtly 
presented a theory that combines memory for speciUic information 
with his schema theory, he certainly suggested it in several 
places. In a discussion of inferences made in a memory-^f or-f aces 
task he noted "that inferences, based upon judgements of this 
kind, are mingled unwittingly with the actual recall of 
perceptual material or patterns" (1932, p. 52). In a general 
discussion of imagety and schemas he noted that during recall 
**some part of the event which has to be remembered recurs, and 
the event is then reconstructed on the basis of the relation of 
this specific bit of .material to the general mass of relevant 
past experience or reactions" (1932, p. 209). Thus, it se^ems to 

V 

16 
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U8 that when Bartlett was attempting to account for his own data 
and when he was not focusing on his opposition to trace theories 
that he implicitly held a partially reconstructive schema theory 
of fliemory. Almost all later schema n»mory theorists adopt a form 
of Bartlett 's unofficial, partially reconstruct^lve theory of 
memory. 

Within the partial reconstruction position, there is a 
problem of the articulation of data and theory with respect to 
recall of nonschema information. Bartlett often fou:id that 
nonschema information was not recalled (1932, p. 99) or was 
transformed to fit some schema (1932, p. 89); but on other 
occasions nonschema InTormation was well recalled (1932, pp. 9d, 
184). Clearly, if a schema theory is to be explanatory it must 
be articulated in ways that give a motivated account of these 
apparently inconsistent data (see\ Thorndyke & Yekovich, 1980, 
fbr a similar critique of mqdern schema theories). 

In summary. Bartlett thought j}chemas were unconscious mental 
structures. He believed that they were organized generic mental 
representations that actively incorporated incoming episodic 
information. On the specific issue. pf recall, Bartlett 's 
official position was a totally reconstructive theory, but in 
practice, he also held a partially reconstructive, account of 
recall. 
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Bartlett. |, yltl8h Empiricism, and Continental Philosophy 
This secti^ attempts to answer the following puzzle; 
Bartlett*s schema theory was published in 1932 and yet 
contemporary schema theory dates from 1975 (Minsky, 1975; 
Rumelhart, 1975). What caused the gap from 1932 'to JL975? In 
order to answer this question it is necessary to take a brief 
netatheoretlcal detour. Mainstream American psychology in It^ 
early introspective form (e.g., Tltchener) and its stimulus- 
response fotm (e.g., Watson, Hull, Skinner) was a direct 
descendant from the conceptual framework of British Empiricism. 

For our purpose the canonical British Empiricist position 
concerning the structure of the mind can, be characterized ast 
(a) Empirlcisf -all knowle ""i derives from the enviroiuneiit . (b) 
Atomistic— the mind is composed of aiofple elements, (c) 
Pareimonious'— th^ mind is coiq;>08ed of a 'small number of basic 

'Hiypes of elements, (d) Aseociationistic ^the fundamental mental 

* . . . ' 

mechanisms are aasociations which form through spatial and 

temporal contiguity^ (e) Particularistic— the basic elements are 

particulars (not true of Locke), (f) Passlye- '-the mind is not \ 

dctlve. (g) Mechanistic —the mind is not purposive,- goal- 

directed, or intentional, '(h) Finite- -no mechanisms are proposed 

that would be capable of dealing with an indefinitely large 

number of new situations. See Boring (1950), de Groot (1965), 

and Mandier and Mandler (1964) for a more detailed discussion of 

these positions. Continental philosophy (e.g., Leibniz, Kant, 
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HArimrt, Lotze, Brentano) has not been as homogeneous as British 
Empiricism, but tjas tended to take the opposite side on these 
issues, thus the ^lassie contrast between Empiricism and 



Rationalism. He W^Ul view each of the theoretical paradigms 
examined In this pamper in terms pf these fundamental 
assumptions. Uowevei;, in doing this, we will not include the 
anpiricist*nativist issue since it is rarely discussed by the 
theorists we consider. If we were to impose our own 
classification on these theories we would classify all the schema 
theories as nativlstic since tWorists who postulate as much 
mental machinery as schema theorists do are typically forced into 
a nativist position (e.g., Chomsicy, 1965). 

The British^piricist position has a certain aesthetic 
appeal and has been the typical choice of the tough-minded 
theorist. Host behavioral scientists have considered the British 

e 

Empiricist position to be the more "scientific" position. Thus, 
itfben Aster ican psychology shifted to Behaviorism, there was a 
drastic shift in the subject matter of psychology (from 
phenomenal experience to behavior), but no change Jib each of the 
assumptions outlined above* On these fundamental issues 
stimulus-response psychology was in total agreement with British 
Empiricism. * 

With this background in mind, it is now possible^o examine 
the reception of Bartlett's schema theory. Bartlett's work had 
little impact on American psychology* In a review of the 
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Remeoberlng book McGeoch said the experiments were, "outside the 

current of contemporary American research upon meaory" (1933, p. 

774),^ ahd in another review Jenkins concluded, "The book will 

«# 

find a place upon the shelves of those who study remem^ring, but 
it will not be in the special section reserved for those 
investigators whose writings have become landmarks in the advance 
towards the comprehension of this important pr9blem" (1933, p, 
715). In England, Bartlett*s schema theory was taken much more 
seriously (e.g., Oldfield & Z^ngwill, 1942a, 1942b, 1943a, 
1943b)/ However, even in England opinion shifted in the British 
Empiricist direction and by the time Bartlett died his major 
students considered the theory to have been a total failure 
(Broadbent, 1970; Oldfield, 1972; Zangwlll, 1972). " 

y 

We thiak a comparison of the assumptions ol BartlettU 

.A 

schema theory with the assumptions of British Empiricism makes 
very clear what the problem wa6'~H>n almost all of the issues 
^discussed above Bartlett*s schema theory adopts the Contxt^ental* 
position (see Table 1).^ On the issue of parsimony Bartlett does 



Insert Table 1 about here. 



take the British Empiricist position .(one construct, the sctaema, 
does most of the work); however, on every one of the rem) .sing 
issues Bartlett* 8 theory is clearly on the Continental side. Th 
intellectual roots of this heresy are to ,be found in Bartlett 's 




20- 



The Nature and Functions of Schemas 19 



direct reading of the Continental philosophers, Indirectly 
through' the influence of James Ward and 6* F* Stout, and through 
Che work of the Wurzburg ^psychologists (see, Bartlett, 1936; 
Broadbenc, 1970; Orever, 1965; Korthway, 1940; Zangwill, 1972). 
Thus, Bfirtlett*s schema theory was. simply incoiii>atible with the 
basic theoretical assumptions of the stimulus-response psychology 

t 

that was dominant (in the United States) at the time he 
formulated the theory. In fact, one basic thes^ of this chapter 
l8 that the history of the shifts from stimulus^response 
psychology to information processitig psychology to schema ^heory 
r^s the history ot\a succession of psychologists who lust after 

/ . 

/ the British Empiricist position but who have been dragged 

lacking and screaming** by the brute facts of nature to^the 

it' 

Continental position. 

Info'rmation Processing Psychology 
In chis section we will briefly sketch so^oe of the core ' 
theoretical assumptions made by theories in the information 
processing tradition, as background for the assumptions made by 

modem schema theories* By information processing* theories we 

• * 
mean theori. j based on a con^uter metaphor that; trace the flow of 

t 

information 'in the mind through various stages of proicessing. 
<e«g«, Anderson & Bo^ar, 1973; Atkinson & Shiffrin, 1968; 
Neisser, 1967; Newell & Simon, 1972). In terms of the contrast 
between British E ^^ri tiism and Continentajl philosophy,, the 
information processing approach can be' seen as a "profane union" 



I' ■ . .21 



, * • • 

The Nature and Functions of Schemas 20 



(Anderson & Bower, 1973, p. 4) of the two traditions. In 

f \ 
shifting from stimulusTesponse theories' to iivformation 

processing theories, there was a continuing acceptance of some off 

t^e tenets of British Empiricism^ but a rejection of a number of 

-^others • 



Firsts we would lihe to know what infotmation processing 

* 

theorists consider cheir theories to bf^. about (i.e., what 
% 

ontological assumptions do they make?). This is a difficult 
questions, sincilfe many of the constructs used in thesi theories 
have been taken from computer science and aittif icial 
intelligence, and it is not "dear how these borrowed constructs 
are to be interpreted in psychological' theories (see Pylyshyn, 

1978, and commentary). Thus, many theorists prefer not to 

* - » « 

address this issue dire&tly or tend to be ambivalent when they 
do, • Neisser's book. Cognitive Psychology (1967), was one of the 
major forces in molding the information processing paradigm. He 
argued thitt> the "program analogy" makes it, scientifically 
r^RBpectable to study unconscious mental processes (1967, p. 8). 
Tt^s, he apparently adopted the realist positibn that information 
processing theories are theories .about the nature of unconscious 
mental probe Jyir. <f(|fllian (1968) appeared to take a realist 
position, Collins and Quillian (1969) avoided the issue, but 
later Cpllins and Quillian (1972) appeared to take an 
instrumentalist •position. Anderson apparently took a realist 
position with respect to the entities postulated in Anderson and 
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Boi^^(1973) but be took a radically Instrumentalist position 
several years later (Anderson^ 1976)* (See Anderson's discussion 
of bis cbange of view in Anderson^ 1980^ p. 85). Clearly *the 
%iorkers in the information processing paxfadigm have nor reached a 
consensus oh these difficult problems* 

One of the major ch^^nges In the shift from behavlorlst 
theories to information processing theories was the rejection of 
the /uBsumption that thie theories were about particulars. 
Information processing psychologists did not accept t|;ie 
atffeumption that psychological theories were restricted "to 
observable behavior; and they included abstract entities in w^ulr 
theories (see Andetson & Bower's 1973 discussion of the "termlhal 
metapostulate" issue). 

Through the influence of generative linguistics (Chomsky, * 
1963)^ many Information processing theorists came to realize that 
psychological theories need to provide an account of the ability 

of human beings to deal appropriately with **nev instances'* in 

* ♦ 

language, perception, thought, and action. The researchers in . 

the Information processing tradition came to see that inability 

to deal with this aspect of human cognition was a fatal flaw In 

stifflulus'-reapo^se theories, and southey introduced abstract 

entltie^s to allow some generattvi'ty. 

Another fundamental shift made by information processing 

*. 

psychology was the abandonment of the belief that all 

if 

psychological ther ^es. could be formulated in terms of 
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a88Cclatioiia (see Anderson i Btwevt 1973* ^fpt a contraty opinion 
oa this point). Inforauition procejssing theorists replaced the 
einple association with a wide varfety of relational and - 
structural entities: propositions (Kintsch, 1972); semantic 
relations (Quillian, 1968); and semantic features (Smith, Shoben, 
& Rips, 1974). 

*• • 

Some of the information processing theories avoided the 
general tendency bf stlmulus^^responae theories to be passive and 
nonpurposlve^ but there was not as much agreement on thes$ 
Issues. Thus, Newell and Simon 1972) provided explicit goal- ^ 
directed problem-solving machinery that gave their theory a 
purposive component* Anderson and Bower (1973) chose to retain a 
passive memory representation* ("strategy-f tree"), but include 
active processes ^n their executive component. 

TWO of the British Empiricist assumptions' have been retained 
by the Ihformation processing approaches. All of the information 
processing theories have been atomistic and' parsimonious. They 
have^susttd that a. complete theory '^of the mind could be 
constructed with a small number of basic mental elements. 
Holding to these assumptions has produced some Interesting 
problems. For' example, Anderson's (1976) theory combines the 
atomistic assumption ndth Interference constructs to produce a 
"fan" hypothesis— *whlch\ put crudely, is that the more you kn 
alKMit a concept the slower and harder it will be to think 
.an instance related to that concept. While there is so' 
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for this hypothesis in JUboratory list- learning tasks it seems 
highly unlikely that the fan effect occurs for real*-world 
knowledge* If the fan effect does not hold up for^^^eal world 
knowledge (see Sodtb, 1981) then it would. appear that theorists 
in this tradition will have to carefully examine their 
assumptions. 

Overall, we think the picture is clear. Iilformation 
processing psychology was a partial move toward the Continental!^ 
tradition (see Table !)• The information processing theories 
rejected many of the British Empiricist assumptions of the 
earlier stimulus-response psychology, but retained a strong 
belief In atomism and parsimony. • ' 

Modern j tchema Theory 

It is clear that by 1975 there had been a Zeitgeist which 
prepared the cognitive science comomnity for schema theory. In 
that one year paj>ers v4ve published arguing for schema theory by 
researchers int artificial intelligen<;e (Minsky, 197S)f 
cognitive psychology (Rumelhart, 1975); linguistics (Fillmote, 
1975); motor performance (Schmidt, 1975); and sevefral artificial 
intelligence-cognitive psychology combinations (Bobrow & Nonain, 
1975; Scbank & Abelson, 1975). It appears that the common issue 

I 

that motivated investigators to look for a new theory was a 
desire to deal with "coi^lex", tasks. The remarkable convergence 
"of ne^ papers in the same year was probably due to the fact 'thfit 
earlier versions of Mlnsky^s important paper (1975) were widely 
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circulated In the period just before 1975. It is also 
interestittg to note that every one of these papers makes explicit 
reference to Battlett's (1932) schema theory— this only a few 
yea,rs after his major' biographers had declared the theory to have 
been a failure (Broadbent, 1970; Oldfield, 1972; Zangwlll, 1972)/ 
' Ontological Assunptiontf 

On the issue of the ontological status of schemas it is hard 
to be sure what many schema theorists believe/ and iti those cases 
where the issue is treated-dearly there is little consensus. 
Mlnsky (1975) and Rumelhart (1980) both define scheiqas as "data 
structures/ a phrase that certainly has the flavor of a 

» 

convenient notation to summariase the data (i.e., 
instrumentalism) . Yet, the. substance of both papers and 
Rumelhart 's title, "Schemata: The Building Blocks of Cognition," 
certainly suggest they haVe more realist leanings. Neisser 
(1976) apparently takes L realist position and^'considers scheqas 
to be physiological en/ities. He states, "a schema is a part of 
the narvous system. It is some 'active.^ray/of physiological 




structures and processes" (p. 54). '^Ander8oi-(i981) takes a 
strong iostrumentalist position. He suggests that the only 
solution to this pi^oblem is to "postulate some set of internal 
structures and processes that are consistent with the data and 
don't worry about unique identiflkbility" (p. 122). /Problems 

concerning the status of.:-theoretical entities are /difficult for 

/ 

any science (Suppe, 1977); however, the issue s^ems particiilarly 

/ 
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acute JLn current cognitive psychology, since theories must find a 

solution for the treatment of psychological entities (e«g«, 

Images, intentions, thoughts, and unconscious mental pi vcesses) 

and for constructs borrowed from the area of artificial 

intelligence (e«g«^, data structures, nodes, arcs, and networks)'* 

See Pylyshyn (1978) and Thagard (1982) for a discussion of some 

« • 

of these problems. 

Schema theories can be distinguished from information 
processing theories by one crucial characteristic^all schema 
theories reject the atomistic assumption. ' Schema theorists 
assume that there are some phenomena that cannot be accounted for 
by a concatenation of smaller theoretical constructs^ and that it 
is necessary to develdp larger theoretioal,-«n/ities>to deal with 
these phenomena. Aside from this one attribute, schema theories 
vary widely in the specific structures postulated e^d the 
theoretical emphasis given to jparticiaar problems. In ort^er to 
display some of the overall properties of modem schema theories 
we will focus dn two of the more general accounts of schemas— 
those of Minsky (1975) and Rumelhart (Rumelhart, 1980; Rumelhart 
& Ortony, 1977). 
Minsky *s Theory 

Min^y (1975) is very clear about the rejection of the 
atomistic assumption. In the first two sentences of his paper he 
criticizes earlier theories for being "too minute, /and/ local" 
and argues that' theories of the higher mental processes "ought to 



ERIC 27 



4f 

The Nature and Functions of Schemas 26 

« 

be larger" (p. 2117. The notion of a -larger." " theory is hard to' 
explicate purely in terms of the theoretical entities themselves. 
There is an additional assumption in the reasoning. This 
approach implicitly assumes that there are "larger phenomena" and 
larger theories are actually theories that deal with these 

— 1 p henomena . — The "nature, of these Tlarger phenomena^ can be seen 

from the examples given in Mlnsky's paper: perception of 

* • ■ \ 

objects, perception of places, comprehension of discourse,*, 
comprehenfllbn of actions^ and carrying put actions. 

Minsky also states that the new theoretical constructs nmst 
contain more structure than those of earlier' theories. Ue then 
goes on to provide' some specific proposals aboi*. : & type of 
structure needed. Ue Introduces the construct ot the frame (a 
type of schema in the terminology of this paper). A frame has 
fixed "nodes" that provide its basic structure. It has "slots" 
t-hat can be l^llled by specific Information from the envirdhment. 
This provides additional structure, since a slot will only accept 
a particular class of instances. If there is no information to 
the contrary the slots are filled with "default ^Issignments." 
With this type of theoretical machinery applied, to knowledge 
about rooms, one could give an account of the following 
phenomena! (a) Someone walking into a room without a ceiling 
' will be surprised.. Cb) People will not be able to understand the 
sentence ""^he celling is made of passive transformations." (c) . 
Someone w^ had just been in a room mlgt\t state that they had 

, ' 28 



The Nature and Functions of Schemas 27 

seen the ceiling when eye dtovement recordings showed that they 
never ^looked up high enough to see the ceiling, (d) If asked to 
guess what a ceiling is made of, people will be much more likely 
to guess plaster than glass, (e) In a recall study some of the 
people who had been in a room with acoustic tile on the ceiling 
will recall that the room had a plaster, ceiling (cf . Brewer & 
Treyens, 1981). 

Minsky's theory was, in some sense, intended to be both a 
psychological theory and a theory in artificial intelJigence. 
For the purposes of this chapter we have emphasized the 
psychological si(le of the theory. As a theory in artificial 
intelligence, the general outline Minsky supplied in his paper 
has been articulated in much gi ater detail (e.g., Bobrow & 
Winograd, 1977rchamiak, 1977). There are very thoughtful 
discussions of Minsky* s theory, the relation of frames to 
propositions, and the implications of these issues for the 
philosophy of science in Thagard (1980, 1982). - 
Rumelhart'a Theory 

' Rumelhart has provided a specific schema theory for the 
structure of stories (1975, 1977) and several papers on the 
, general nature and functions of schemas (RumelHart & Or tony, 
1977; Rumelhart, 1980). We will focus on his general 
characterization of schemes* Rumelhart and Ortony (1977) clearly 
re^t the a^optistic assumption and explicitly point out that it 
Is the attempt td handle^ all levels t)f abstraction Including 
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"higher level conceptualizations'* (pp. 109-1 10)^ that most clearly 
distinguishes sch<^ma theories from earlier information processing 
models. They state that "schemata are data structures for 
repr^esenting the generic concepts stored in memory" (p. 101). 
Rumelhart and Ortony follow Minsky in postulating that schemes 
have variables, with constraints and that the variables have 
defauJt values or, to be more precise, a distribution of possible 
default values. They point out that schemas are frequently 
denned In tBtms of other schemas (^'schemata embed**). Thus» 
one's schema for an office building might include an office 

4 

schem^as a subpart* The office schema could function as a 
schema in its^ pwn right with a typewriter s6hema as a subpart » 
and the 4:ypewriter schema could function as \ schema with keys as 
a subpart. In a more recent paper on schemas » Rumelhart (1980) 
emphasizes that schemas are active in the ways t;^hat procedures 
and parsers are active processes in computer programs. , 

In addition to the general characterization4|||8chemas 
outlined above » Rumelhart has articulated some of the functions 
of schemas. In particular," he has attempted to clarify the 
interactions among the' incominjg episodic information, the generic 
information in the schema, and the specific nature of output. 
Rumelhart a Ortony (1977) state that "once ^n assignment of 
variable has been made, either from the environment, from memory, 
or by default, the schema is said to have been instantiated " (p. 

105). These ideas are then used to develop a theory of the 

i 

/ 
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nemory process. Rumelhart and Ortony suggest that what gets 

ft 

Stored In memory is an instantiated schema and that ^during the 
process of recall generic schema information may be used to 
further interpret and reconstruct a particular memory from the 
. original instantiated schema record. In applying these ideas to 
* tbeT^process of text comprehension, Rumelhart and Ortony focus on 
the interaction of "top down" sch^na information a|^d "bottom up" 
text information. If a reader arrives at the schema intended by 
the author the text has been- correctly conqnrehended. If the 
reader can find no schema to accept the text information the .text 
is not collar ehended. If the reader finds a schema, but not thf^ 

r 

one intended by the author, ~ the text is misinterpreted. 
Modem Schema Theory^ " Summary ' \y 

Nov having used Minsky's and Rumelhart 's schema theories to 
instantiate modern schema theory, we will contrast th^ general 
6haracteristic» of modem , schema theory with the classic , 
assumptions of British Empiricism. Clearly the major defining 
Characteristic of sch^ta^theory is its rejection Qf the atomistic 
assumption. All schema theoric^ts adopt what will call the 
molar assumption. . Tliey assume that a' schema theory needs to 
postulate "larger" theoretical entities and that these iftolar 
theoretical entities operate as units in the theory (cf . 
Anderson. 1980, p. 143; Chamiak, 1977, p. 359; Mins^ 1975, p. 
215; Rumelhart & Ortony, 1977, p. 106). A somewhat mote extreme 
form of anti^atomlsm would' be to argiie that schema theories not 
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only need iBolar theoretical entitles, but that these ntolar 

entitles arie qualitatively different from the smaller atomic 

ei^tltles in the theory. We will call this the assumption of 

emergent levels." This Iwsue is very similar to the debate 

a^ut "mental c^eiaistry'* within the British Empiricist tradition. 

■\ ' ■ • ... 

Thua^' James Mill took a pure atomistic position and assumed that 

the md^e complex aspects of the mind were derived from .different 

group;LngV.of the basic mental atoms. However, his son, John 

'Stuart Mill,\^opted thfi emergent leyels position and argued th&t 

the smaller mental atoms fo^d quail tat iveilfy new mental 

structures^ through the mental equlvtience of chemical o^ratlons 

(see Boring, 1950, and Handler & Handler, iW^for a discussion 

of this issue). Anderson (1981, p/ui) makes an explicit 

argument against the hypothesis of emergent levels* Most sch^ 

theorists l&ave not'overtly addressed this Issue, but it seems to 

us, that th^dedslon to Introduce new theoretical entitles ' 

(frames,^problemr solving schemas, etc.) is frequently an implicit 

'acceptance of the h^^thesis of emergent levels. 

.The desire for parsimony is the one characteristic of the 

British Empiricist paradigm that seems to us is ^tlll accepted in 

fflddern schema theory. An analysis of these theories gives the 

impression that many theorists are attempting to employ a 

particular ' kind of theoretical entity such as frames (Mlnsky, 

1975), scripts (Abelson, 1981^, or propositions (Anderson, 1981) 



\ 
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aad use j:hem to account for as wide a range of phenomena as 
possible. ' . 

The issue of associationism does not appear to be d live 
issue in sch^ theory. It seems highly unlikely that ^y schema 
theorists would think of themselves as "neooassociationlsts*^ as 
dld-Anderaon and Bower (1973), The intellectual . challenge has 
shifted from attempting to show that associations caa handle 
everything to attempting to create some form of explicit 
theoretical machinery powerful enough to deal with the obvious 
capacities of the human mlndV(cf. Chomsky, 1965, p. 58 for a 
similar argument with respect to language acquisition). 

One of the obvious chiracterlstics of schema theories is the 
free use of generic and abstract theoretical constructs. In 
fact, one might want to argue that in some versions of schema 
theory the focus on generic Information has been so strong that 
it is hard for the theories to deal with particular information. 
For example, at one point Neisser states that "perceivers pick up 
only what they have schUata for* (1976, p. 80). 

Schema theories have worked hard to try and give an account 
of .the apparently active aspects of human cognition. Mlnsky's 
(1975) frame theory, as originally presented, is more passive 
than are most other schema theories. However, Goldstein and 
Papert (1977) introduce the notion of "j^rame keepers'* to deal 
with some of the more active aspects of the functioning of 
schemas. Rumelhart's 1980 modification of the earlier Rumelhart\ 

« 
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and O^tony (1977) approach was an atteuipt to suggest soae general 
techniques (procedures* parsers) for making schemas more active. 
Itelsser's (1976)^ schema theory stands but from other recent 

9 

proposals In that he not only treats the active aspects of 

schemas » hut m^s It their most Important characteristic. ^ 

V iyplcally» the theoretical machinery Included in schema 

theories to deal with the active aspects of cognition also has a 

purposive flavor. NelQser's (1976). theory pu^s a strong emphasis 

on this Issue. Ue states* "schemata are antlcipaAons* they are 

the medium hy which the past affects the future" (p. 22). 

SSWia theories have clearly recogdized tha problem of the 

fleneratlvlty of cognitive processes (Mlnsky, 1975 » p.^248; 

; Ifiisiedhart & Ortony, lW7^-«p* IIZ) and have made some suggestions 

about how to deal with this difficult issue. HoweVer»^one has 

the feeling that most of these pfk>posals are better' discussions 

of the problem than succeBsfuKsolutions. 

Bartlett ssA Modern Schema Theory 

It 18 Interesting to coiopare Bartlett *8 schema theory with 
« 

the more recent schema th^rxes. In terms of underlying 

fflotivatldn and overall structure the older schema theory and the 

newer schema theories are very close. Thus, Bartlett wanted a 

theory that emphasised the role ^f old knowledge and that dealt 

with molar cognitive phenomenon. He proposed a theory of 

organised generic schemas that function in a generative »^^fr{T^, 

and putposlve fashion. Through the Influences of linguistics, 

V 
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information processing psychology, and ar.tificial intelligence, 

inodem ^schema theory has been able to develop laore detailed and 

analytic accounts of the structure of schemas. In addition, 

these . influences have enabled modem schema theory to more 

successfully deal with abstract, active, and generative , 

theoretical entities* In recognizing the problem of accounting 

for speciiic personal monories within the framework of a sch^na 

theory Bartlett's posij^ion may actually be somewhat in advance of 

* • • • 

modem 'schema theories. On the particular issue of 



reconstructive memory, modern theories have not taken the totally 
reconstructive approach of Bartlett*s '^official" theory, but have 
developed partially reconstructive accounts that closely resemble 
Bartlett's ''unofficial" theory. In summary, modem schema 
theories are very similar to Bartlett*s theory, but have 

clarified, elaborated, and refined many aspects of his theory. 

■ ft 

Information pjocessing Psychology and Modem Schema Theory 
If one compares modem schoaa theory with information 

* 

processing psychology on their basic theoretical assumptions, the 
overall intellectual trends are obvious (s^e Table 1). Schema 
theories are closer to the Continental side on these issues. The 
most striking difference between schema theories and information 
processing theories is the rejection of the atomistic assumption. 
On those issues where infqrmation processing psychology has 
shifted toward the Continental position schema theories have., 
moved evenvjnore clearly and more firmly into the Contin^ Atal 
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I 

camp. The only najor British Empiricist assumption retained by 

- schema the ory i a the assumption of parslskcmy. 

<J The Nature of Schwaas 

Ontologlcal Assumptions 

In this section we will discuss what we think schetaas are. 

We heXlevd a straightforward realist view Is the correct way to 

approach the. Issue of the ontologlcal status of scheimas. We 

think that*' scheiBia theories are theories about schemes and that 

scheoas are the unconscious cognitive structures and processest 

that; underlie human knowledge and skills. We believe that these 

mental entitles |iave a physiological base, but that In the 

ultimate scientific account of things It will always be necessary 

to provide a scientific explanation at the level of mental 

entitles (cf. Podor, 1968; Putnam/ 1973). We reject the 

instrumentalist option (Anderson, 1976, 1978) on a variety of 

grounds} (a) It seems inconsistent with our view that our goal 

as scientists is 4:o search for Truth; (b) Tlier/are good 

arguments for realism (Suppe, 1977), (c) Realism has worked very 

well in the mature sciences, (d) As cognitive psychology matures 

it seems quite likely that there will be enough theoretical, 

oBpirical, aesthetic, and pragmatic const|fint8 on our theories 

to undercut the indeterminacy afguments. 

On the issue of the size of the mental "elements" we clearly 

favor the iiK>lar position. However, we think schema theories 

should explicitly adopt the more extreme view of emergent levels • 

» 
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It seema to ua that in human cognition there truly are emergent 
phenomena. Thus, in trying to glv« a scientific account of a 
spoken story, there are^ qualitatively different phenomena 
occurring at the level of the phonemes, at the level of syntax, 
and at ^e level of the plot; and it will require qualitatively 
different types of theories to deal with the different levels. 
Thej^efore we think the view that molar theories are simply sets 
of smaller elements operating as units is incorrect. 
.Modularity 

The one tenet of sBritish Empiricism that 'schema theories 
have not ahandoned is tne assumption of parsimony. We think that- 
schema theories ought tol make a clean swaep of the 'British 
Empiricist assumptions ^d adopt a liberal approach to 

postulating theoretical/ entities. It simply does not seem to us 

/ 

that a schema theory w^th a single schema construct can deal with 
the human abilities t^:- (a) understand a passage of expository 
text; (b) hit a tennis ball; (c) remember the shape of a leaf; 
' (d) speak a sentenc^; and (e) remember the plot of a movie, 
Thus, we adopt the/ position that the mind is, modular and that it 
will be necessary to develop different types of theoretical 
entities to accoubt for the different cognitive processes (see 
Chomsky, 1980, ff^r a similar argument). We realize that 
parsimony is an /aesthetically pleasing attribute of a scientific 
theory and agree that it would be pleasing to find a parsimonious 
theory that accounted for all, of the above phenomena. However, 

« 
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given the current prl^ltlVe-atate of sche^ theory, the assertion 

that a single type of theoretical entiE^/«an deal with all of the 

molar co^&ltive processes is jiifit concreiry to the fa^ 

' ' ' / — 

It seems to us, that if one examines specific schema . 

f 9^ general theoretical statements about schemes , 

that the eiany differences in the theoretical entities u^ed i^ 

these specific theories is not in keeping with the parsimony 

assuifption, but instead supports the modularity hypothesis. 

There appear to be strong simllaDltles for the specific theories 

within a domain or module', but Qualitative differences acrosa ' 

domains. For example: scripts (Abelson, 19B1; Graesser & 

Nakamure, 1982); plana (Lichtensteln & Brewer, 1980; Schmidt, > 

Sridharan, & Goodaon, 1978); scene schemes (brewer & Treyens. 

V 7 

1981; Mandler & Rltchey 71977); and motor schemes (Schmidt, 
1975). Note also the decent theoretical & «ntroversy over the 
nature of story Bcif^kas (Black & Wilensky, 1979; Brewer & 
Uchtenstein, 1981^, 1982; Mandler & Johnson, 1980). Brewer and 
Uchtenstein (l/si, 1982) have argued that the story sdiemas 
proposed by v^searchers in the story grammar tradition (Mandler & 
Johnson, 1/77; Stein 6 Olenn, 1979; thomdyke, 1977) have 
actuallir been theories of the plan schemes that underlie the 
goal*;^irected behavior of the characters in narratives. Brewer 
ana Uchtenstein argUe that a theo'ry of the story schema must 

ontaln theoretical constructs that deal with the discourse 
organisations that lead to particular affective states (1981, 

\ 
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1982), and must capture culture-specific literary conventions 
(Brewer, in press). If Brewer and Lichteostein are correct, then 
one needs very different types of theories to deal with goal- 
directed behavior and with the structure of stories. .Thus, 
^verall it seems tq us that in the actual practice of 
constructing specific schema theories one finds considr le 
support for the modularity position. 

Ecological Validity ' ... 

«^ Many schema theorists have made arguments in favor of 
-ecological validity" (e.g,, Bartlett', 1932, pp.' 17, 47; Brew^ & 
Treyens, 1981, p. 207; and Neisser, 1976, for a very strong 
fom). The general approach has been to assert that cognitive 
psychology should not study narrow laboratory tasks, but should 
study tasks that occur in real life. . In the course of developing 
the analysis of schema theory outlined above, we have come to 
believe that the argument for ecological validity is not correct 
as usually stated. It is not that studies of phenomena from 
everyday life are somehow intrinsically better than narrow 
laboratory studies. Instead we think the intuition behind the 
ecological validity position derives from the issues of emergent 
levels and modularity of mind. If one accepts the argument for 
emergent levels and/or the modularity thesis, then focusing on a 

. few narrow laboratory tasks becomes a highly dangerous research 

A. 

Strategy. If either of these two assumptions is true, then no 
matter how much effort is put into the study of nonsense 



♦ 

* 
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^ * 

syllables or eyelid conditioning it cannot ever result In a 
comprehensive theory of the mind, 'on the other hand, if one 
adopts the research strategy f^f studying a wide range of everyday 
tasks, one is much more likely to find phenomena from 
qualitatively di|£erent levfels or from different cognitive 

V* 

domains* Thus, the research strategy of focusing on ecologically 
valid tasks should not be driven by the everyday nature of the 
task (clearly one can learn much about the mind from some narrow 
laboratory tasks), but by the recognition of the research 
implications of accepting the emergent levels and modularity 
positions. Bartlett worked out part of this logic in his 
introductory section on methodology (1932, pp. 2-7). 
Phenomenal Experience - 

A final issue that we think needi» to be addressed by schema 

theory is the relationship between schemas and phenomenal 

a ■ * 

experience. It is clear why this problem has been avoided. For 

the earlier behaviorists there was no problem, since they 

explicitly excluded the data of phenomenal experience from a 

science of behavior. The mai,n focus of information processing 

psychologists was on unconscious mental processes. Therefore 

they tended to ignore the data of - phenomenal experience, or to 

argue that the experience itself ^as of little interest to 

• / 

information processing psychology as compared to the underlying 
unconscious cognitive processes (e.g., Pylyshyn, 1973)* Schema 
theorists have' also focused, on the unconscious mental processes 

40 
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of <the scheaa and Ignored the problems of consciousness and 
phenomenal experience (e.g., Rumelhart & Ortony, 1977). Mlnsky 
(1975) discusses the problems of iaagery and consciousness at 
varloi;js points In his iframe paper, but never explicitly related 
these llssues to the frame construct^ . The one scheiba tueorlst who 
was ^n exception to this trend Is Bartlett. He concerned himself 
with these problems at length In his book (1932), and he was 
particularly concerned with trying to work out a solution to the 
apparent inconsistency between his pure reconstructive schema 
theory and the particular experiences that are Involved In 
personal memories (see the^ discussion of Bartlett In the first 
section of thj^ paper). 

In a recent paper Brewer and Panl (1983) bite the bullet on 
this issue. They ai^e th'u an ultimate scientific psychology 
^yst account for the data from phenomenal experience, just as It 
mxBt account for the data of performance* If, for example, the 
data from e^perlenbe and from performance on some task are 
Inconsistent** one does not throw out the pehnomenal data because 
it is somehow less scientific* Instead the science of psychology 
must aspire to explain aJ^ ot the data; As an example of the 
problem in the area 6f m&nory, ^rew^r and Pani (1982, in 
preparation) show striking differences in the^ phenomenal reports 
of imagery for different types of memory tasks* They Argue that 
a complete theory of memory must give^ an account of this 
experiential, data in addition to the usu^l memory performance 

to,/ 
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data, ^he general Issue of the'' relation of conscious and 
unconscious processes is a pervasive one for cognitive 
psychology. We will discuss three examples that relate directly 
to schema theory. 

Personal waaory . First Is the problem of personal memory. 
There is ai^ "apparent tension between sch^ theories and the 
experience of personal memory. Schema the'orles focus on generic 

r 

knowledge and the schematlzatlon of incoming episodic 
information. Yet when one has a personal memory (e.g., "Where 
were you the last time you spent cash for something?**) there is a 
Strong phenomenal experience of imagery and the imagery iappears 
to tontaia "irrelevant" detaUs of the original experience. 
Clearly, as Bartlett recognized, schema theory must deal with 
this problem (see Brewer & Pani, 1983,* and Neisser, 1982, for , 
somewhat different ways of approaching this. issue). 

Generic images . A second problem is that of generic images, 
types of generic knowledge processes, appear to operate with 
little concomitant phenomenal experience (e.g., **What is the 
opposite of faisehdftd?^). However, repetitive experience with 
visual perceptual inzormatlon leads to generic knowledge 
structures that have strong visual image propertf'les (e^g. , **What 
jhand does the Statue of Liberty hold the torch in?**).. How is 
this fact to be dealt with in schema theory? One could say that 

the true schema in these cases Is an unconscious generic 

♦ 

structure and that the phenomenal Experience is an epiphenomenon* 
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One could take a strong Imagtst. view and say that the phenomenal 
experience la the schema* Or one coold say that it iff necessary 

I 

to postulate both an underlying unconscious schema and a 
pUenomtonally accessible generic mental image (cf* Brewer & ?ani, 
1983) • For our purpose here, it is not important to decide ^hich 
of these Is the c'otreVt view. The point is, that schema theory 
must overtly address this type of issue* 

Procedural information * A final example is the strong 
phenomenal experience that accompanies the transfer of procedural 
Jcnowledge into semantic knowledge!^ I two ^campies^ (a) "What is 
the 8th letter of the alphabet?"; (b) "wKat finger do you use to 
type 'rV with?"!. The difference in phenomenal experience is 
striking. When a skilled task (motor, cognitive, ot rote 
linguistic) is carried out there is little or no phenomenal 

4. , 

experience of imagery. Yet, in order to toswer a propositional 
question about the information contained in the procedure the^e 
is a strong experience of imagery* (cf. Brewer & Pani^ 1983). 
Clearly, the problem is to explain these facts.. Why are the 
production schemas normally unconscious? Why does the 
propositional ,taak give rise to powerful imagery experiences? 
Does one want to say that the imagery is causal in the 
perf orman<ie of the task? 

It s'eems to us that examples such as these lead to an 
obvious conclusion. Schema theory must take the data from- 
phenomenal experience seriously and schema theory must be 
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A- • 

acticuiated 80 tlmt th^re is a graceful fit of the facts froa 
phenomenal experience* These are difficult problems and we 
cannot p^vlde solutions here, hut we do have a suggestion as to 
the dixectiW of theory development* > Perhaps one can adopt the 
pomLtlon that the sch^aa structures and the processes operating 
on ftfaci structures are unconscious, but that the products of these 
opexntlons are conscious* This is similar to a position <, taken by 
Lashley (I960;) and, of course, somewhat similar to Bartlett*s 
discussion of these issues* The' type of conscious product seems 
specific to the particular cognitive domain involved* thus, the 
memory processes relating to particular perceptual Inputs seem to 
give rise to modalltj^ specific imagery (e*g* , visual imagery for 
visual perceptual input), whereas the cognit'ive operations 
involving abstract thoughts or practiced skills seem to give rise 
to other types of nonimage conscious products (see Brewer & Pani, 
1983, for further discussion)* 
■^ Definition pf Schema 

In light of this analysis of schema theory, what are 
schemas? Schemas are the unconscloiis mental structures and 
processes that underlie the molar aspects of human knowledge and 
skill* They contain abstract generic knowledge that has been 

t 

Organized to form qualitative new structures* Schemas are 
nodular-^different cognitive domains have schemas with different 
structural characteristics* At input, schemas actively Interact 
with incoming episodic information* This interaction consists of 

« 
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two basic processes: (a) the t&odification of the generic 

knowledge in the relevant schei&a; (b) the construction of a 
■* 

sj^cJLfic instantiated memory representation. An instantiated 

' '' - \ 

schema Is a cognitive structure that results from the interaction' 

•-^ .. ' ■ . ' 

of the old information of the generic schema and the new 

.information from the epjtsodlh input* the generic schema contains 

som^ fixed structural relations ^^d,some s^ots that accept ^ 

range of specific input infbrmation from the environment* . Thi^ 

unconscious operation of the schema gi«^s rise to the specific 

conscious contents df the mind.' Atc>output, generic production 

schemes interact with new incoming information to allow » 

» 

appropriate responses to an indefinite number. of new situations* 

' ■ . * . 

* In informal interactions with colleagues from the stimulus*- 

response and Information i^opesslng ttaditions it is obvious that 

they consider schema theory be a vague and **soft'^tieaded'* 

theory* Why is that? We think that there are several reasons ^ 

that derive from the world, view of the critics tod several 

reasons that derive from the current stfatus of schema theory* 

The first clause of this attribution is, of course, the result of 

the wholesale adoption of the Continental position by schema i 

thepry* from the British EtnpiTiclst point of view the 

Continental position has always setens vague and soft-headed* The 

second ..reason is a matter of temperament in theory construction 

(not unrelated to the Emplriclsl^Ratlonallst issue)* Some 

* 

theorists prefer, a precise, completely worked-out theory even ^If 
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It ie ol>viou6ly wrong* Other theorists prefer a theory that is 
'no£ obviously, false, eyen if this means having only ajsketch of 
an account of the phenomena at hand. Herbert Feigl once referred 
to this dlf fiMTencjB in scientific temperament as the g^reat split 
between the "notty^ng but" theorists and the "something .more" 
theorists. Clearly schema theory falls* in the "something' more" 

m 

cas^. — »>, " * » 

, % The other two rensons for. th^.perception of schema tlieory as 
vague aris^ from true prpbiLe^ns with the theories in their current 
<^tage of development. First^ t^ att^t tojdol^ to th^ idc^' oil 
parsimony jhas caused p^|»bl^ in trying to give Vg^nejral 
characteriisation of the natute of schfiim&si If okk« rejects the 
parsimony as^onptlon and accepts the arguments for modularity, - 
then a general deeount of sehemaas" must loi^k Vague. Such an ' 

ceount can only f6cu8 oo the characteristics that t>e general . 

■J • ■ ' . ■ ' '■ , ' » 

class of molar cognitive struetuires have' In common, and sO cannot 

'be toe precise without running up j^ainst obvious 

counterexamples. On the. other hand, consistent with the 

modularity thesis, it is much harder id accuse specific schema 

theories ip. par ticulair domains 6t being vague conpured to other 

theories ff^psycho\ogy (Graesser & Makamur^, 1982; Licht 6ns tein & 

Brewer,™ 1980» Huoelhart, 1977). Finally i it U obvious that, 

modem schema theory is still immature and in need of fur^er 

development (see Tbomdyke & ¥ekovich, H80, for a similar 

analysis). Clearly, there is much work ahead in this area. In 
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fact, there are some really hard problems for schema theory that 
we have not even mentioned. . For example: How do schemas 

» 

develop? How does incoming information activate an appropriate 
schema? What are the correct, structures for schemas in different 
cognitive domains? Nevertheless, even in ^ts current state of 
^development, it seems to us that schema theory is one of the 
important currents in psychology and the larger cognitive science 
community. In keeping with this discussion of schema theory we 

* ♦ 

wiU,.dttempt, in the last section of this chapter, to articulate 
and f&^e more pretlse one aspect of schema theory— the role of 

\ 4 ♦ • 

i^cHiaiaB '^n jch^ inonory proceffs. 

''•»,'' «• 
Ty 4 pnnctio^s oT Scjjfeaas in .the Memory Process 

Basfc Scheate Findings « 
.Fiit'st we wi^l- examine a s^t^ of basic, empirical findings in 

thd^tW^ of hnman^ftemorjr that set the git^e for our analysis. 

v'" • ' ' ' t • • ■ ■ , ■ ' / 

It ia'experjLmental rea|)|ts •6U^h ai) these (!t^it/seem to require a ' 

s*. . . *v . / 

9chona theory accj^t qf hqpuft memory. We/vill refer to the 

• ) ■ ♦ 

• • v ' ' ' . • , 

resulrtd pi these experiments* as the "basic schema findings." 

'* \ \ ^ ■ <» 

Memory "With and Without sch^s . Th^]re are a great variety 



of dlff erent 'cgcpefiai^nU which ckn be used to Ihow that 

ioloraation which can be instantiated in a 4ch«mak ^s better) 

. ■ ■ « f » / 
recalled, than information which cannot eastt^y be instantiated in 

a scheoia* In fact, the^v^ry fi^st exn^fiment on human memory 

allows thil effect. Ebbinghaus ^(188^/1 964 > fov^nd that reckll for 



information from a lyric poem was about t^n times better 



than 
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recall of nonsense material. By 1937 there had been many 
experiments on this issue, all leading to the general conclusion 
that recall of meaningful material was much better phan recall of 
meaningless material (Welborn & Engllflfh, 1937). in these older 
experiments the meaningful materials are very different from the 
meaningless materials along many dimensions. In more recent 
times, experimenters have found techniques to show the schema 
effect with materials in which the, basic elements are the same, 
or even with the use of only a single passagis to yield the schema 
effects. Examples of modem studies sshowlng that recall is 
better for material whleh can be Instjbtiated in a schema are: 

(a) standard text vs. scralitbj ^d tey t^ (Brent, 1969; Chiesl, 
Spilich, & Voss, 1979; Lachman & Dooling, 1968; Thomdyke, 1977); 

(b) picture before opaquely written passage vs. picture after the 
passage (Bransford & Johnson, 1972); (c) title or theme before 
opaquely written passage vs. after the passage (Bransford & # 
Johnson, 1972; Dooling & Lachman, 1971; Dooling & Mullet. 1973 p 
(d) recognition of organized pictures vs.. disorganised plcturfts 
(Handler. & 'Johnson, 1976; Handler & Rltchey, 1977); fe) canon,tcal 
videotaped actions vs. scrambled actions (Llchenstein, 1979). 

Subject knowlednfe^ and recall . Another way to show the 
general effects of schemes is to compare the differences in 
recall for subjects who come to the experiment with different 
degrees of schema-;based knowledge* The basic finding is that 
subjects with a more developed schema for some body of knowleige 
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show higher recall for materials related to that knowledge. 
Studies showing, this effect Include: recall of chess positions 
by expert chess players vs. novice players (Chase & Simon, 1973); 
recall* of a baseball narrative by individuals with high and low 
knowledge of baseball (Chiesi, Spilich, & Voss, 1979); recall of 
narratives about Western and Australian Aboriginal medicine by 
Western and Australian Aboriginal subjects (Steffensen & Colker,* 
1982). 

T 

Memory^for schema-related information . One of Bartlett's 
(1932) original finding^ |deaUng with the recall of text was that 
information connected with the, tinder lying theme or plot of. the 
passage was more likelywto be recalled than was information not 

4 

connected to the theme. This basic finding,^ that schema-related 

er 

information will be recalled better than schema~unrelated 
information, is a very robust finding and has been replicated 

Ik. 

many times by a great number of researchers using a wide variety 
of theories about the nature of the underlying schemes (Brewer & 
Treyens, 1981; van Dijk & Kintsch, 1978; Gomulicki, 1956; 
Goodman, 1980; Johnson, 1970; Lichtenstein & Brewer, 1980; 
Handler & Johnson, 1977; Meyer & McConkie, 1973; Rumelhart, jrt77; 
Thomdyke, 1977). 
Schemes and the Me mory Process 

The basic^chema findings outlined above can be accounted 
for by any of the schema theories discussed earlier. The ability 
to deal with this body of experimental findings is one of major 
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reasons for the rapid development of schema theory In ps^jeht^logy 
In recent years. However, It se^ms to us that accounting for^-.. 



these basic schema findings is liot enough. It is necessary to 

develop imich more explicit- and precise theories about the 
operation of schemes In the memory process. We wilt attettpt to 
work out a more detailed understanding of the role of schemes in 
memory by focusing on two questions: (a) In a ^given ibemory task 
tiow much of the subject's memory is due to gene^ric l;ema 
information and how much is due to episodic infdrmation? The 
term "episodic" is not intended to carry any th^iretl^al 
Implications, e.g., tulving, 1972, but is merely| a descriptive 
term used to indicate the information actually obtained from the 
environment during a particular exposure), (b) What are the 
mechanisms through which schemas operate in the memory process? 

We propose that there are five basic processes through which 
schemas could operate during the meibory process (these schema- 
based operations are extisnsions of the processes outlined in 
Brewer & Treyens, 1981): (a) Schemes could influence the amount 
of attention allocated to a particular type of information, with 
the assumption that more attention leads to better memory, (b) 
Schemas could operate as a framework in memory that serves to 
preserve incoming episodic information, (c) Generic schema 
information could interact with incoming episodic information to 
produce a memory representation that is a combination of old 
generic information and new episodic information, (d) Schemas 
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could serve to guide retrieval processes in order to locate 
episodic information in memory# (e) Schemas could operate to 
Influence what retained infonw^-ion a subject chooses to produce 
in a memory task* 

In the remainder of this section we will examine the 
experimental litei/ature to see if we can find unambiguous 
evidence to auppoiU the position that schemas operate through thfe 
mechanisms discussed above. Since the basic schema findings 

» 

could result from any of the fiVe schema-based processes we will, 
attempt to use a subs tractive logic. For each set of data 
discussed, we will %ty to show that the result^must have been 
due to a particular process because we can rule out all of the 
other alternatives. Note that in our analysis we frequently 
clal;^~^that a particular experiment supports positions quite 
different! from that proposed by the authors. We will. work our 
way through the five basic schema processes in the order given 
above» and for each process we will treat \^xperiments dealing 
with linguistic materials first and. those using nonlinguistic 
materials second. 
Attention 

The basic assumption of the attention' TOcbanism as applied 

i 

to memory is that iAcreased amounts of attention lead to a 
stronger memory trace. In order to relate this mechanism' to 
schema-based processes one has to work out the relation, between 
attention and schema-based information. Currently this is an 
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area of some confusion. A number of researchers have postulated 
that 8che]Ba-*reIated information receives store attention than 
stfhema-uftrelated Information (Bower, 1976; Clrllo & Foss, 1980; 
•Kl'ntsch & van Dljk, ^78). However, In direct contrast to this 
position, •a number of other researchers have postulated that 
schema-related information receives less attention than schema'^ 
unrelated information (Bobrow & Norman, 1973; Friedman, 1979). 
Notice that a memory theory that only allows schemas to operate 
via attention, and makes the assumption that schema-related 
material receives less attention, cannot account for the basic 
schema findings, since it trould have to predict poorer recall for 
schema-related material. However, as we will see, it is possible 
to combine the hypothesis of less attention to schema-related 
information with other schemarbased memory process.es to give an 
account of the basic schema findings. Of all the schema^ based 
memory processes to be discussed the attention mechanism is the 
hypothesis with the least amount of theoretical and empirical 
consensus. 

Linguistic materials . There are empirical studies with text 

materials that support both positions on the schema-attention 

issue. Cirilo and Foss (1980) find longer reading time (and thus 

« 

presumably more attention) for schema-related information, while 
Shebilske and Reid (1979) find the reverse. This is too complex 
an issue /to analyze here, but it seems to us that the general 

4 

direction that must be taken is to provide a imtch iBore 

/ ■ . 

« 

52 



The Nature and Functions of Schemas 51 



sopliistlcated account of the Interaction between the reader 

i 

developing mental model and the structure of the text (see 
Rumelhart, 19ttO). In dealing with text one has to take into 
\account the fact that the author has complete freedom to 
nax^pulate the text structure by including, omitting, or 
recrd^ing any aspect of the underlying schema-hased information^ 
(see Brei»^r/ 1980). Within this framework, a simple analysis \ 
into schemikrrelated information and schema-unrelated information | 
(or as frequently described, 'high in the text hierarchy and low 
in the text hierarchy) probably does not cut the world in the 
appropriate faiMon. We will present a brief example to 
illustrate the complexities of this issue* Imagine a story about 



a racing car driver. First we, will examine schema-related 
informationt If tb^ author has chosen to include in the text 
schema-based informa^on that is easily available from the 



\ 



reader's schema then oite might expect the reader to devote less 
attention to it* For example, "The driver turned the steering 
wheel to the right* The\car went around the ^um to the right.*' 
Eowever, for schema-related material that is i^ormative about 
tb^ plot one would expect \the reader to devotelmore attention,/ 
e*g*, "The- accident had lelt a huge oil spill <^n the far tui 
Now we will examine schema-unrelated informationt If the sonema- 
unrelated information is irrelevant to the plot^ then one >^ould 
not expect readers to devote! snich attention to :^t, e.g. ,/^e 
driver put his candy wrapper! in the trashcan." lioweve/, if the 
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schema-unrelated information is inconsistent witn the developing 
mental model about an automobile race*; then one would expect the 
reader tp devtfte considerable attention to the, anomalous 
information in order ^o try and instantiate it into the ' 
developing mental model, e»g., "A man in the stands stood up, 
pointed his finger at one of the cars , and it turned into a giant 
IVinkie." Thufrt while it appears- that there are schema-based 
attention processes, it also /eems that a full analysis of 
attention and schema relatedness will have to incorporate an 
account of tne relation of text information to schema 
information, and 4(n analysis of reading, that views thp reader as 
using text information to develop a mental model during the 
course of reading the text. 

Even though the current state of our knowledge about schema-* 
haaed attention processes Is poorly developed » there is some 
reason to believi^ that the attention process is not the major 
determiner of the schema-based recall findings. A number of 
Studies using a variety of techniques have attempted to control 
the attent:^nJL processes and have found that this has little 
effect on schema-based mfflK>ry findings (Britton, Meyer, Simpson, 
Holdredget & Curry, 1979; Graesser, Gordon, & Sawyers, 1979; 
Graesser, Nakamura, Zimmerman, & Riha, 1980; Johnson, 1970; 
Reynolds, 1979). 

Mohlinguistic materials . Several studies have examined the 
number and duration of eye fixations on schema-related and 
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schema-unrelated Information in viewing pictures. The general 
finding is that subjects devote more attention to schema- 
unrelated information (Friedman, 1979; Loftus & Mackworth, 1978). 
, Friedman's (1979) study makes an important distinction between 
schema-irrelevant 'information and schema-inconsistent 
information. She finds a strong initial effect of long fixations 

t 

for schama'^inconsisteat information and a small tendency tot 
achema-lrrelevant information to. have longer fixations than. 

schema-relevant information. 

* 1 

• Overall, it appears that there is some agreement that 
subjects direct Attention to schema-inconsistent' information. It 
appiears that the resolution of the issue of the amount of 
attention directed at schema-relevant vs. 8ch6ma-xrrele\utnt 
information may require that this dichotomy be replaced with a ' 
auc^ more complex, and perhaps domain-specific analysis of 
readihg tu^t an^ of viewing the visual world. 
Framework 

The framework hypothesis states that schemas, can serve' as a 

\ . . 

scaffolding to preserve schema-related episodl ^ information. It 

is easy to conceptualise this ' mechanism in terms of ^^nsky•8 

(1975) theory of a frame with slots that accept a range of 

possible values. In these terms the framework view states that 

instantiating a slot with a particular piece of episodic 

Information will tend to preserve the memory trace for that 

information. The framework hypothesis predicts that rfew schema- 
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/ 

V 

\ 

related Inforteation will be better retainec^- than neWVschema- 
unrelated information. In order to show that this eflfect is due 
to a preserved episodic trace one must rule out other schema- 
based mechanisms such as Integration or retrieval. Note that the 
framework hypothesis, as st;iBted, makes no assumption about the 
level of information that is preserved by the framework. The 

* 

j>reserved episodic information could be fairly low-level 
perceptual information ("surface information**/ or much more 

* • V , » * 

t 

abstract lnforttatlon# * ' 

Linguistic materials . The studies showing the effect of a 



pictura or title 



on the recall of an opaquely written passage 



(Br^ford & Jo^son, 1972; Dooling & Lac^hman, 1971; pooling & 
^lett 1973) can b^ interpreted as supporting the fra^oework 
hypothesis. ^ In these studies the subjects, who received a schema- 
envoking picture or titU before they heai^d the passage showed 
much better recall than subjects who received the picture or 
title after thei^ heard the passage. If the effect 'had been due 
to 0I4 schema koowledge (integration) ot to the schema operating 
as a retrieval mechanism, then the subjects who received the 
schema afterward could have used the schema to make inferences or 

• * 

t a 

as a^ retrieval device Jupt as well as the subjects who received 
it first. Since the data show a large difference iti recall 
between the uro, conditions, it ^peacs that the schema is 
operating as' a framework to preserve the episodic infornt^tion 

* • 

contained in the passage* 
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Another 8tu4y that can be Interpreted as support for the 
framework hypothesis is a text recall study by Thorndyke (1977). 
In this study Thorndyke compared recall for two types of embedded 
goal-baaed p^sages, one with the superordlnate goal at the 
beginning and 'onr* with the superordlnate goal at the end (in 
texts of tfiis kind, when the goal contes first the reader can 
understands the purpose of , a rather strange sequence of actions). 
Recall w^s better for the group that received the goal at the 
beginning of the passage, and through bur subtractlve logic we 
interptet this finding to support the position that schemas can 
act as a fragiework to preserve information from texts. 
/ Nonlinguistic materials . There are number of studies of. 
picture memory by Handler (Handler & Johnson, 19?^; Handler & 
Parker, 1976; Handler & Ritchey, 1977) which can be interpreted 
asv evidence for^ the act ion. of schemas as framewo^s to preserve 
episodic picture information. Two types of pictures are used in 
these studies~~»r^anized and unorganized. An organized picture 
consists of a small number of schema- related objects spatially 
arranged to make up a s6hema~consistent visual scene. The 
unorganized pictures consist of the same objects rearranged to 
give a schema-inconsisteiit vidwal scene (e.g., a desk in the 
upper part of the picture not resting on any solid 'surface). 
Hemory for the information in the pictures (objects, spatial 
relations) was tested with a recognition procedure in which the 
foils for the organized pictures were changed from the original 
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picture but were schema-consistent. In general, these, studies 
showed that recognition memory was better ior organized pictures 
than for unorganized pictures* The use of schema-consistent 
foils eliminates the possibility that the subjects are responding 
on the basis of generic knowledge, and the use pf a recognition 
memory procedure reduces or eliminates .the use of schemas as 
^retrieval mechanisms, so we believe this finding can be used to 
show that schemas operate as frameworks to preserve episodic 
information. 

plus, overall we find Chat there is evidence from both 
linguistic and nonlinguistic domains for schemas operating as 
frameworks to preserve episodic information. 

w 

Integration . ' 

The integration hypothesis states that during the. process of 
sch«&a instantiation old schema-baBe4 Information becomes 
integrated with n*4w episodic information. Thus, the instantiated 
memory representation will contain both generic information from 
the schema and episodic information from the input. The 
proportion of generic information and episodic information /will 
vary with factors such as the type of schema and time interval 
test. The most extreme form of integration would beHhe case 
where all the episodic information was lost from memory so that 
the memory response vould be based completely on generic 
information. If integration occurs,, then it will lead to 
apparently better memory for schfema-retated 1-iformation than for 
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schema-unrelated Information since the memory for 8chema~related 
material will actually bd based on a mixture' of generic schema 
information and /episodic information. When a subject gives 
information in recall that comes from the generic schema and was 
not in the episodic input, then we say^ that an Inference Kas • 
occurred. N^he occurrence of schema-based inferences in a recall 
«task or false^recognition responses to schemarrelated foils •^on a 
recognition task i» a qualitative* indication that the process of 
integration ,has occurred. And when this occurs one can be almost 
certain that some proportion of the apparent epfsodib memory for 
presented schema-related items actually derives from generic 

t 

schema knowledge. For t^ie purposes pf this general definition oi 
integration, it does not matter if this interaction of old and liew 
Information occurs during ccmprehensioti or during testing or hov 
conscious the subject is of the Integration process. 

Linguistic matgrials . Evidence for integration In memory, 
for textual i^ter^iiai is widespread. In one of the very first 
text-memory experiments ever performed, Bine t and Henri (1894; 

translated in Tbieman & Brewer, 1978) found examples of 

. *^ 

Int^gra^tion. THey noted, for example, that one chilti recalled 
"for her animals** as "for }^et rabbits" and they argued that these 
**errors of imagination" were obViousl,y due to the child's 
background knowledge. Bartlett (1932) also noted the process of 
integration in his story recall data. He stated that he 
deliberately chose to xxne somewhat unusual stories (l^thlamet 
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Indian te^ts) as materials so that he could look for inferences 
drtvW by the schemas that his English undergraduates brought to 
bear on tl^e te'xts* He obtained the expected data and gaVe as an 
example the fact that onff'of his EnglisK subjects recalled ' 
"paddling a canoe" (from the Kathlamet text) as '^rowing .a boat." 

Ofae of the first modern, studies to focus on inferences in 
text memory was the study/of Sulin and Dooling (1974). In this 
• study subjects heard a psiss'age and were later given a recognition 
memory test, ^ome of the subjects <^ere told that the passage was 
about Helen Ke4.l6r and these subjects showed a strong tendency 
(after one week) i;o make false recognition responses to 
nonpresentM sentences such as one stating that the main 
character waiB blind. In more recent times there have been a 
4ii^ber of studies of memory for scripfbased texts (Bower) Black, 
& Turner, 1979; Graeftser, Gordon, & Sawyer, 1979; drAesser, Wall, 
Kowalski, & Smith, 1980— revieweU irt Graesser, 1981«fnd Graesser 

f 

& Nakamura, 1982 )« These dtudies have shown a very high rate of 
seripf^bftSed/ intrusions and false recognitions of scriptr based 
foils, .in one of \he«e fttuSies (Graefcer, Woll, Kowalski, & 

Smith ,^ 1<089), the researchei^ used the evidence of script-based 

/ ^ « . " , * ■ 

-infereQcas to argue' that much of the, memory advantage for script- 

* * * ,. ■ . ^ 

related Itinas at oni( week was due to script^^sed infoi:^t4.on and 

not to ep^pdic information. Another recent study showing 

evidence for >^tegrati' is the Work of Chiesi, Spilich, and Voss 

^979) on memoidy fgr texts about baseball games. These 
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researchers .found that subjecto made many false recognition • • 
responses to nonpresented Itemk relating to the baseball schema. 

A number of experimen|:s hkve varied the retention Interval 
to study schema-based laemory processes over time. These studies 
have found that the Integ^tlon effect becomes stronger over time 
(van Dljk & KlntscR, 197»; Graesser, Woll, Kowalskl, & Smith, 
1980; SpiTo, 1977; Sulln & Doollng, 1974). Presumably, this 



ef fei^t Is due to 'the differential loss from memory of different 

. . - ' - / • 

typjBS Hi Infotmtloo. At immediate testing there is apparently 

some ^Tftalned' Information about the particular proposFtlons from 

■ - ■ ■ * ■ ' '■■ ■ ' > 

tiie^liciitiai text. ' dvef' time, this type of 1fiutiace''. inffivm&tion 

1:b 3vst^ leaving the^i^tantiated schema ip^memory', and d£ter very 

■• • ' ■' " '■ 

lon^ Ci|Be Iptervals; much of the episodic ^^.nformation^la the 
/instantiated schema may be lost, le^ing predonilnaa^ly generic \ 
: schema information. ( 3 T . - . 



' Nonlinguistic materials . A series of recent studies^ provide 
.evidence for integration i-n memory tasks using visual percepCual 
input. Jenkins, Wal^, and Pittinger (197d) presented ^^ubjeces 
with a series of pictures that described an event. The subjects . 
showed a large number of false recognition responses to schet&a-" 
based items that, belonged to the event but that had not been 
shown in the original sequence. LoiCtus.^MlllerV and Bums (1978) 
have shown that giving subjects (false) verl>al information about 
an event previously seen by the. Subjects can lead subjects to 
make false recognitlonl responses to pictures that they > have 
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never seen before. Brewer and Treyens (1981) obtained evidence 

for integration in a naturalistic study of memory for rooms. The 

subjects were asked to wait in an office briefly, on the pretext 

that the experimental apparatus was not ready. Then the subjects 

were taken to another location and given a series of recall and 

recognition tests for information about the room. In recall the 

subjects reported a number of objects that were not in the 

experimental office. These inferred objects were all highly 

related to the office schema. On a verbal recognition test 

(f.g., "Did you see a typewriter?") there was a high positive 

« 

correlation between the schema~expectancy so^res from a different 
group of subjects and the verbal-recognition scores for 
nonpreseoted items from the group of subjects who saw the room. 
Since this correlation was based on recognition ratings of Items 
the subjects never actually saw, it nust have been based bti the 
subject's office schema. 

Aji^ries of experiments using nonlinguistic materials have 

Investigated the role of the retehtiion Interval in schema~based 

J. 

integration processes. These studies, like the linguistic 
studies discussed earlier, have shown that the integration effect 
becomes stronger over time (Brewer & Dupree, 1983; Handler & 
Parker, 1976; Handler & Rltchey, 1977). The explanation for 
these effects is essentially like that proposed for the studies 
using linguistic materials. Different types of Information are 
apparently .lost from memory at different rates over time. Thus, 
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at short tioe Intervals, there is some retained perceptual' 

information about the visual scene, and over time this specific 

episodic information is idst and memory performance is 

increasingly ba8e4.,oj9 ,tl^,, instantiated schema and generic schema 

information^. Br^r and Dupree (19^3) suggested that for 

♦ 

hierarchically organized plan schemes the information is lost 
from the bottom up, leavihg successively more abstract 

i ■ 

information about plans and goals in tnemory at longer time 
intervals* 

Overall^ there is much evidence for integration in memory 
for both linguistic and nonlinguistic^ material^ The s^'se of the 
effect seema to .vary videly depending on the "strength" of the 
particular achema* Thus, scripts seem particularly powerful in 
pralueing inferences* In all of these domains there is^ 
tendanv'iy/ for integration to be much stronger at longer time 
Intervals* As the specific episodic itiformation is Ibst over 
time, the underlying generic information plays a larger role in 
the memory task* 
Retrieval 

The retrieval hypothesis states that schemes may operate to 
guide the memory search for schema-related episodic information* 
This hypothesis predicts better recall of schema-related than of 
schemarunrelated information* For a schema-related item and a 
schoaa-unrelated item of equivalent aanory-trace strength (as 
•tested by recognition memory) the retrieval hypothesis predicts 
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that the schema-related item is more likely to be given in a free 
recall task* , 

linguistic materials . Two studies by Anderson and Pichert 
(1978) and by Pichert and Anderson (1977) can be Interpreted as 
support for the use of schemas as retrieval devices. Subjects in 
.H,.e . couX. . vUwe. .0. .wo 

. ^ viewpoints (schemas). Thus, for example, one text was about a 
house and Its contents and could be viewed from the point of view 
of a home buyer or a burglar. Subjects who took a particular 
perspective (e.g,., ^urgXar) tended to recall more schema-related 
information (e.g», location of the family silver). After recall 
from one ^^rspective, subjects were asked to recall the story a 
second time from the other perspective, and under this schema" 
based ^rspective, they recalled some of the now schema-related 
information that had previously been schema-irrelevant. Thus, it 
looks as if the perspective manipulat^ton acts to 
provide a schema-bas^d retrieval plan. There have been other 
interpretations of these findings (Wyer, Srull, Gordon, & 
^ Hartwlck, 1982). 

Nonlingulstic materials . Llchtenstein and Brewer (1980) 
carried out a series of studies showing that plan schemas have 
powerful effects on the recall of goal-directed actions (ieee, 
actions that are part of a plan schema are recalled better than 
actions that are not part of a plan schema) # However , 
Llchtenstein and Brewer only iised recall measures which, by 



The Nature and Functions of Schemas 63 

themseJves, are not sufficient to establish what mechanism was 
producing the facilitation in recall for plan schema items. 
Brewer and Dupree (1983) used a variety of recall and recognition 
tasks to attempt to give a more analytic account of the findings 
of Lichtenstein and Brewer (1980). They compared recall of 
actions that were seen embedded In a plan schema (e.g., reached 
m with a ruler to adjust the hands of a high clock ) with the 
same actions not embedded in a plan schema (e.g., reached up with 
a ruler ). They found that immediate recall for an action was 
more than twicci as good if it occurred in a plan schema. 
Ho«MBvei^,, they also found that on an immediate visual recognition 
test the two types of actions were ^cognised equally well. 
Thus, for actions equally well recognized many more of the 
schema-related items were given on the recall task. Brewer and 
Dupree argued that this pattern of results indicates that the 
plan schemas were operating as a retrieval mechanism to allow 
access to a greater portion of the plan-related episodic 
information. / 

Brewer and Treyens (1981) have used similar .logic to 
investigate memory for places. For the objects Ln a room that 
were strongly recognized in a verbal recognitiqta task, the 
schema-related objects were much more likely to have been written 
down in recall than were schema-unrelated objects. Brewer and 
Treyens argued that this result indicated that some of the better 
recall for schema- related items must have been due to the office 
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8Ch«aa being used as a retrieval device* Thus, cur analysis of 
these studies indicates that schemes can function as retrieval 
mechanisms* 
Editing 

The editings Iqrpothesis states that schemas may operate 
outside of the memory mechanism Itself to determine which 
ijiformation the subject chooses to communicate to the 
escperimenter. Thus, if the experimenter instructs the subject to 
recall "just the basic ideas," the subject might, use schema 
knowledge to identify the schemarrelevant information and choose 
to write down only the schema^-relevant information. This use of 
schMsas to edit memory output gives apparently better recall for 
schema-related material* 

Linguistic material . In terms of the actual experiments 
there is evidence for schema-based editing, bat it operates to 
reduce recall of very high schenta-related information. Graesser, 
Woll, Kowalski, and Smith (1980) found that subjects in a script 
generation task tended not to produce very typical script 
actions* Brewer and Treyens (1981) argue that this type of 
finding follows from an analysis of the recall task as one in 
which the subject is communicating with the experimenter. The 
subjects apparently are following a conversational maxim (Grice, 
1975) that one should not tell soneone infonnatlon that is 
coim>let6ly ohviotts* 
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Within the story graainar fradition (Handler, 1978; MAndler & 
Johnson, 1977; Stein & Glenn, i979) there is a. recall finding 



that can be given a aimilar iJterpre^t.ion. In Vodwc^'^S 

\ \ 

to fit particular theoretical models the researchers in tiis 
tradition have often violated the iaaxint,'that an author should not 
include, in the text information that is obvious to the reader. 
In particular, a number of/ story grammar researchers have 
included in their texts / categ{[>ry called "reaction" or "internal 



texts 



response' x "internal ^^lan. 



By including these catdgo|i>le8 one 



can obtain texts such as,; "Aft<ir the argument with his boss Joe 
was angry /reactio|i/ so he decided to slam the door as he left 
the office /internal plan/. He slsmmed the door as he left the 
office," Insjtead of the more/na :ural, "After the argument with 
his boss^Joe slammed the d^r ati he left th^office." One of the 
majo^ empirical findingti[ of the story gra^^r tradition (Mandler, 
1^78; Mandler & Johnso^\1977; Stein & Glenn, 1979) has been that 
information relating t^ inactions or internal plans is very 
frequently lost in sto^ ric£|ll Itasks. It seems to us that this 

by the operation of schemes to 



1 1 



memory data is actual 1^ produced 
edit information that is redundant with the actions described in 
tlS«^ narratives ($ee Black fclwilensl^, 1979; Brewer & Treyens, 

van pijk, 1980, p. 262, for further 



1981 



)U\n 



Communication 



; and/ 



discussion of thjis editing/ procej^sj in recall tasks) 



Nonlinguist ic materials , BrcLet and Treyenb (1981) found 



evidence that sc^emas we^e being used to edit out some o^ the 
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very high 8ch«ma~reiated Information in their naturalistic room 
memory study, Subjects rarely recalled Information such as, "the 
room had a ceiling," since this very high schema-related 
inforaat^on can be assumed for any room. 

Overall; it is clear that schemas can operate to edit the 
information that is recalled. It may be tf at the editing 
procedure is soitetlmes used to Mlt out ochema**unr elated 
information (in fact, if the demand characteristics for total 
recall are not' too severe, one would think that a principle of 
least effort would tend to produce some editing of schema- 



unrelated information). However, the current experimental 
findings suggest schema-based editing serves to eliminate very 
high schema-related information, and thu? this process operates 
in. a direction opposed to the basic schema findings. 
Functions of Schemas in Memory 

Our analysis of the literature suggests that cnere is 
evidence for schemas operating in all five schema-based 
processes. Schemas have been shown to affect memory through 
attention processes, through acting as a framework to preserve, 
episodic information, through integration of old and new 
knowledge, thrcugh a retrieval process, and through an output 



editing process.- While the evidence is not completely clear, it 
would appear that the basic schema findings are due to a mixture 



of: schemas operating as a framework to preserve schema-related 
information; schemas* operating to Integi^ate old schaaa- based 
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infonuatlon with new episodic information to give the appearance 
of increased memory for schema- based episodic information; and 
schemas operating in retrieval to facilitate the location of 
schema-related information. Currently the evidence does not 
'suggest that schemas operating to direct attention or operating 
as output editors are major factors ia the memory process. V 
Memory for Schema-Related and Schema-Unrelated Information 

A number of researchers have pointed out that there .appear 
to be some major inconsistencies in schema theory approaches to 
the issue of memory for schema-related and schemar'unrelated 
information (e.g., Thbrndyke & Yekovich, 1980). " In this last 
section we would like to formulate the problem, and attempt to 
use the fraqtewotk developed earlier to resolve some of the 

t » 

I 

apparently conflicting data. The basic probl^ is that there are 
a number of studies that do not give the basic schema effects 
described earlier in the paper. Thus, some studies of script 
memory (Graesser, Gordon, & Sawyer, 1979; Graesser, Woll, 
Kowalski, & Smith, 1980) and some studies of picture memory 
(Friedman, 1979) find memory for schema-unrelated information to 
be better than memory for schema-related information. ' 

Recall versus recognition . The first stefp in working out " 
these problems is to distinguish the type of/memory test 
involved. There is essentially total agreement that for recall 
tasks the basic schema effect Is found: schema-related 
Information is better recalled than schema-unrelated information. 
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In terns of our analysis this general finding is due to the 
powerful schema-'based processes of integration and retrieval 
during recall. 

However, for recognition memory the studies give apparently 

mixed results. Thus, some experiments with text found that 

recognition memory fdr schemarrelated information is better 

(Bower,. Black, & Turnei?', 1979) while other experiments found that 

recognition for schema-related information is worse (Graesser, 

Gordon, & Sawyer, 1979; Graesser, Woll, Kowalski, $ Smith, 1980). 

There is a similar divergence in results for studies using 
_ , ■ #» 

' recognition mexaory and nonlinguistic materials. Some studies 

/ 

found that recognition memory for scheme-related material is 
better (Brewer & Oupree, 1983; Goodman, 1980) while other studies 

ft 

^ find'it to "be worse (Friedman, 1979). Some of these difficulties 

t 

^ can be resolved by taking into account the time interval for 
ttetft, the types of "schema-\mrelated" information used, and the 
relative contributions of episoliic and generic information. 

Delay of memory test . Within the set of studies on the 
schema-related/schema-unrelated issue there is a tendency for 
memory tasks that use relatively short time intervals to find 
schema-unrelated information to be equal or better than schema- 
related information (Brewer & Dupree, 1983; Friedman, 1979; 
Graesser, Gordon, & Sawyer, 1979), whereas memory tasks that 
involve a longer time interval tend to show schema-related 
information recognized better than schema-unrelated (Brewer & 
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Dupree,^.19b3; Goodiaan, 1980;" GraesseV, vWoll, Kowal«ki, & Smith, 
19»o0.* Thus, it appears th^t part of the apparent conflict 
between these studies is due to good recognition for "surface" 
' information after short time intervals and the loss of this 
informaj^ion after longer time intervals, leading to an advantage 
for scliemi-based information. While t^his analysis accounts for 

I 

much of the conflicting data, there still remains some 

c 

theoretical and empirical disagreeiasnt about the strengt^j of the 

episodic memory trabe for schema-^related and schema-^unteXated 

• - •. 
information. „ . ' •• • ' 

Relative contributions of -episodic and generic information . 
In attempt j[,ng to analyze the results of experii^ieats in this area, 
©ne should also use the analysis of the different types of memory 
processes to distingxiish the relative contribution of episodic 
and generic information in a particular experiment. Bower, 
Black, and Turner (1979) found that script-relevant Items were 

r • 

better recalled than script-irrelevant items, whereas in direct 
contrast Graesser, Woll, KowAlski, and Smith (1980) arrived at 
the'- opposite conclusion. The difference between these studies is 
that Bower, Black, and Turner (1979) based their conclusion on 
the overall correct recall data, which .Included contributions of 
both episodic and generic information. Oh the other hand, 
Graesser, Woll, Kowalski, and Smith (1980) used the intrusion 
rate to estimate the amount of generic information. Then they 
subtracted this estimate from the overall correct recall to 
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obtain an estimate of, the amount of episodic information. If one 
combines the data In the Graesser study for both episodic and 
generic contributions, the overall recall data are in good 

< 

agreement with the' Bower data.. Thus^ in attempnlng to compare 
studies in thlB area one must be carefu;L to analyze the findings 
in teriDS of the relative contributions of episodic «id generic 
Information. 

Type of schema-related and schema-unrelated Information . A 
final factor to be considered Is the nature of the schema** 
uniri^lated Information In these studies. As discussed earlier^ 
one must distinguish between schema-Irrelevant li^ormatlon and 
schema-Inconsistent Information. For schema-Irrelevant versus 
schema-rejlevant Information It still seems to us that there Is 
some conflict » both lif theory and In data» that cannot be 
accounted for by our analysis. We clearly need more^ derailed 
experiments to determine what the strength of the memory trace Is 
for these types of Information In different domains. For schema- 
inconsistent information the issue seems simpler* .ost theorists 
who heve explicitly discussec( this type of information have 
hypothesized t^hat it will show high recognitic^ and perhaps high 
•recall. Th^ usuaf line of reasoning is that much attention will 
be devoted to schema~inconsistent information^ leading to a 
stronger memory trace, and also that possibly more effort will be 
devoted to attempting to force schema instantiation, thus giving 
rise a moi^e elaborated memory ri^presentatlon. There is some 
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' ... 

experimental ex;Ldenee to suppolv these assumptions (Bower » Blacky 
& Turner, l?79j P?:i^man» 1979). 

Conclusion 

We think tha^t an understanding of hdw new knowledge 
interacts with old knowledge will play a maJoV role in the 
developmeht of a Scientific theory of the human mind. In this 
paper we have attempted^ to show how schema theory has been 
•formulated to deal with the relationships between old and new 
knowledge. We have argued that the rise of schema theory 
represents a continuation of a general trend in the study of the 
mind away from the assumptions of British Empiricism toward those 
of Continetital philosophy. We have proposed that an 
understanding of the mind will require a number of very different 
types of schema theories and have pointed out the problems 
involved in relating the unconscious mental structures and 
processes qf the^ schema to th^ phenomena of conscious experience. 
Finally, wie have attempted to develop a more, explicit account of 

the oi^lerations of schemas in ttfe memory process and reanalyze the 

" . ( . K ' 

experimental literature in tenb of thi^ framework*. Our analyals 

suggests that schema-based processes operate to: (a) direct . • 

attention, (b) serve as a framework to preserve episodto 

information, Xc) combine genexic information witl^ episodic 

information to form instantiated schema bemory representations., 

♦ » 

(d) act a<» A re'tri^val mechanism in recall, and (e) act as a ^ 
mechanism to edit memory output. 
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Table 1 

A Classification of Major Research Paradloms In Terms of the 
Contrast Between the Assumptions of British Empiricism and Continental Philosophy 
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Note, + Indicates general acceptance of the British Empiricist assurpptTons. 

- Indicates general acceptance of the Continental assumptions. 

+- Indicates that some members tbok one position and some the other. 

In order to make the contrast tlear the description of British Empiricism Is of a 
conservative version of that tradition. 



k 6 



ERIC 



'JO 



yi 



